In 1904 Mercedes-Benz ordered a study to investigate the future of the automobile market. The prediction was that no more than 70 000 new cars would be needed each year. It was thought that a technician would be required for every car to facilitate its use, and there were then only 70 000 technicians in the world.
In 1904 Mercedes-Benz ordered a study to investigate the future of the automobile market. The prediction was that no more than 70 000 new cars would be needed each year. It was thought that a technician would be required for every car to facilitate its use, and there were then only 70 000 technicians in the world. 1 In 1980 the IBM board discussed whether the personal computer (PC) or the megacomputer would be the future requirement. They agreed that ordinary people would not be able to use such a sophisticated machine as a PC. 1 These examples show the difficulty in making predictions. Nevertheless, we have to think about the future since we live in a world of such rapid change. With this in mind we have to examine the demands on and need for trauma centres in Europe. We need to ensure that they bring highquality care in an economical way.
In spite of the economic pressures and rising costs, European citizens expect a high level of efficiency in modern medicine. Trauma centres will be judged by their ability to manage polytrauma. This is of a high standard in Germany and is based on a comprehensive system for the transport of the injured. 2, 3 The frequency of polytrauma in Germany Between seven and eight million accidents occur in Germany each year; 60.5% are in the home or at sport, 27% at work, 8 .5% in road-traffic accidents and 4% are due to direct violence or suicide.
Traffic accidents cause the most severe injuries. A person is injured in a traffic accident every 15 seconds. More than 395 000 accidents resulting in injury occurred in 1999, 7749 people died (0.6% less than 1998) and 521 000 were injured. More than 70% of polytrauma was caused by traffic accidents followed by those at home (20%) and at work (10%). 4 The number of patients with polytrauma can only be estimated because there is not a complete register.
Registration depends on the severity of injury and the scoring system used to describe it. The 'Polytrauma Schlüs-sel' (PTS) 5 is established in German-speaking countries, whereas the 'Injury Severity Score' (ISS) 6 is predominantly used in the English-speaking world.
The number of patients with polytrauma who have a PTS score of III or IV in Germany is estimated at 20 000 per year. 7 This rises to 100 000 if the PTS score II is included. 8 These figures correlate with police statistics concerning persons injured in traffic accidents and treated in hospitals.
The combination of accidents at home and work, the increasing number of acts of violence and attempts at suicide produce about 32 500 patients with polytrauma who have a PTS score of III or IV in Germany each year.
Trauma centres in Germany
The treatment of polytrauma is carried out in hospitals with different levels of facility. A profile of the requirements for trauma departments in German hospitals is found in the recommendations of the German Society of Traumatology. 9 The definitions and needs follow the guidelines of the German Society of Traumatology and the American College of Surgeons (ACS) Committee on Trauma. 10 We have three categories of hospitals for trauma in Germany. Those with the lowest grade of facilities correspond to the American trauma centre level IV. The head of the department should be a surgeon who specialises in traumatology and there must be a recognised department of surgery. The ability to undertake operations throughout 24 hours is required. 9 The hospital on the next higher level, similar to the ACS trauma level III, needs an independent department for traumatology with its own budget and an autonomous service plan. It must have the capacity for 24-hour trauma surgery, its own emergency room, separate beds in an intensive-care unit and full access to the system for the primary evacuation of injuries.
Hospitals at the highest level, similar to ACS level II or I, provide a 24-hour service with full specialist cover. All departments and subspecialities are available.
An overview of the different categories is shown in Table   I . It describes the different roles played by the varying types of hospital in the treatment of polytrauma. It shows that hospitals at level III or IV should only stabilise the vital parameters of the patient who should then be transferred to the next most suitable hospital. Level-II hospitals should only undertake measures which are within their ability. The level-I trauma centre must guarantee the availability of all personal and structural requirements for the full treatment of polytrauma.
Economic aspects of trauma
The costs of the treatment and rehabilitation of patients after injury are high and must be appreciated when considering the economics of a trauma centre. The national accident insurance companies insure 29.7 million people. The total expenses including follow-up treatment, pensions and indemnity are 17.6 billion DM for victims of accidents. 11 Although under 11% of the patients have multiple injuries they are responsible for 25% of the total expenditure, 12 approximately 4.4 billion DM.
For the German economy the consequences of accidents produce an annual loss of 620 000 living years and 520 000 working years. 13 The victim of an accident costs an average of 98 000 DM, which increases to up to 500 000 DM with lifelong disablement.
14 If we consider the 32 500 multiply injured patients and calculate that 15 000 have consequent problems and 17 500 do not, the cost to the public economy is nearly 10 billion DM per year.
There have been three attempts at calculating the primary costs of managing a polytrauma patient in Germany. Ruchholtz et al 15 found that the average cost to be 64 000 DM 15 at 64 000 DM, the cost of primary treatment for a multiply injured patient was 104 ϫ 64 000 = 6 656 000 DM.
It is important to look at this figure in relation to the primary costs of clinical treatment for all emergency patients, which is based on the total costs of the emergency room, operating unit, intensive-care unit and the normal ward as shown in Table II .
These figures include the primary costs of treatment of all trauma patients, of medical equipment and those for other departments. The amounts for the buildings, their maintenance, cleaning, catering and management are not included.
The primary costs for all forms of clinical treatment for both elective and emergency patients are assessed by a factor for their distribution. The primary costs of the trauma centre were weighted as follows. For the emergency room, with 17 000 patients per year for ambulant treatment, we define 0.7 as the factor, because the costs for patients who were admitted, especially those with multiple injuries, take the major part. For the operating theatre we have chosen a factor of 0.6 since emergency operations are more expensive than elective procedures. The intensive-care unit does not deal with the immediate postoperative patient, and hence the costs are mostly for emergency patients, particularly those with multiple injuries. We therefore allocated a factor of 0.9. Because of the increased time spent by emergency patients in hospital we calculated the cost factor for the normal ward as 0.65, slightly higher than the average of 53.7%.
Taking these factors into account the primary costs of the clinical treatment of emergency patients at the trauma centre Charité Campus Virchow are shown in Table III . These amount to nearly 12 million DM. The costs for the primary treatment of polytrauma patients were calculated as 6.6 million DM, 56.8% of the overall sum. To calculate the total costs of a trauma centre, allowance must be made for depreciation of medical equipment and buildings, maintenance and cleaning, catering and laundry. The department of finance has the job of identifying these additional figures but they are probably equal to the primary costs, giving an overall figure of 24 million DM. From these statistics we can calculate the running costs for the treatment of polytrauma. The following formula was developed:
whole primary treatment costs ϫ 0.7 -costs for objects ϫ 0.9
A major part of the costs is for staff. Much of their working time can be used for the treatment of outpatients; their presence at the hospital is always necessary in order to treat polytrauma as required.
Analysis of German and European trauma centres (Table IV) When planning centres for the treatment of polytrauma, the overall population must be considered together with its density and geographical spread.
There are about 90 level-I trauma centres in Germany corresponding to American level-I or level-II centres. Germany has a population of 81 million occupying an area of 356 000 km 2 . 18 The average centre receives between one and two hundred patients with polytrauma per year. Theoretically, each of the 90 trauma level-I centres should treat 361 such patients per year, but only about half are treated in a centre of the highest level. This trend can be seen elsewhere in Europe. For instance, in Austria between 100 and 200 patients are seen in each level-I centre per year. There are 12 centres and 8 million inhabitants. In Switzerland which has 7.1 million inhabitants, there are seven trauma centres, but six treated less than 100 patients per year and only one more than 200. In the Paris area of France there are 15 trauma centres, four of level-I and 11 of level-II for 14 million inhabitants. There is a similar relation of population and trauma centres in the sparsely populated Scandinavian countries. In Portugal, with a population of 10.5 million, there are only four trauma centres but that in Lisbon treats 1300 patients per year.
In The Netherlands the figures correspond to the European average, while in Croatia there are four centres for 4.67 million people.
Collection of these data has demonstrated the lack of centres which undertake proper documentation of trauma care in Europe. Such organisations are necessary in order to plan the development of the appropriate management of trauma. On the basis of our data we found a requirement for one level-I centre per one million population.
The air-rescue system
The facilities for the transport of the injured to a trauma centre require careful consideration. In Germany in 1994 there were 854 locations for emergency physicians and 51 bases for air rescue. These were co-ordinated by 442 central rescue offices involving both private and public organisations. A rescue helicopter with an average flight radius of 50 km can service an area of 7850 km 2 . The 51 rescue helicopter centres cover nearly the whole area of Germany. In Switzerland, because of the high mountains, there are 15 helicopters in operation although, theoretically, only six would be needed to cover the area.
The need for the availability of a secondary system of helicopters for the transfer of severely injured patients from small hospitals to level-trauma centres is increasing.
European trauma centres in the next century
In order to describe the future of trauma centres in Europe it is helpful to include the American experiences and figures. The Committee on Trauma of the ACS has defined the categories of I to IV of trauma centres and the number of patients which they should treat. They considered that on the basis of one level-I centre per million inhabitants, each would treat between 800 and 1000 severely injured patients per year. Each trauma surgeon would deal with about 50 patients per year, a minimum of one per week. This number of cases is necessary to maintain proper skills.
An overall balance of quality of cases related to costs suggests that an average of 300 to 400 patients per centre per year would be ideal. This would give one multiply injured patient per day at each centre. However, the reality is far from this ideal situation. In Europe more than half of all patients with polytrauma were treated in level-III or level-IV centres. The first phase of treatment in the emergency room costs only about 5% of the whole costs. The major part of the costs is the intensive-care unit and the many operative procedures. Costs increase with permanent improvement in the quality of patient care. The overall costs of treatment can be made less by avoiding the entire management of polytrauma at level-III or level-IV centres. In order to guarantee the treatment of severely injured persons at a high-quality level in an economical way it is necessary that a hospital of a lower level does the primary treatment, stabilises the vital parameters and then transfers the patient to the trauma centre at the next level.
Outlook Accepting the need for one level-I trauma centre per one million people, there are already enough centres for the population across Europe. However, too many patients are treated in hospitals which are inappropriate. We need a further shift in favour of level-I trauma centres, with one per one million inhabitants treating 300 to 400 patients per year. The ACS guidelines demand that a trauma surgeon treats 50 patients with polytrauma per year. Hospitals at trauma level III or level IV should treat the severely injured patients primarily, stabilise the vital functions and then transfer the patient to a level-I or level-II centre. The infrastructure for the treatment of polytrauma is available in Europe. We should concentrate on the better use of the given resources and the permanent development of a system for the treatment of these patients.
